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Review on Denitrification Technologies of Landfill Leachate 

The disposal of landfill leachate is a difficult problem in today’s 
water treatment industry. The landfill leachate contains high 
concentrations of ammonia nitrogen, which not only increases 
the difficulty of biological treatment, but also wastes a lot of 
ammonia energy. This paper reviews the current denitrification 
methods commonly used in landfill leachate, analyzes their 
advantages and disadvantages, and proposes the future 
development direction.
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1. Introduction 

With the sustained and rapid economic devel-
opment and the continuous progress of urban-
ization, the output of municipal solid waste has 
also increased sharply. The sanitary landfill me- 
thod has been developed for a long time with 
mature technology and technology. But at the 
same time, the sanitary landfill law also has 
some disadvantages :(1) occupying land re-

sources； (2) a large amount of landfill leachate 

will be produced, which, if not properly dis-
posed of, will cause serious pollution to the sur- 
rounding environment such as soil, atmosphere 
and groundwater and endanger people's life 
safety; (3) methane, ammonia and other gases 
will be produced during the fermentation pro-
cess of landfill waste, which is likely to cause 
fire and explosion and aggravate the green-
house effect1. Sanitary landfill is the most wid- 
ely used method of municipal solid waste treat- 
ment technology at present, but at the same ti- 
me, the landfill leachate produced is complex 
and difficult to deal with, which will directly thre- 
aten the ecological environment and human ac- 
tivities. Several methods for denitrification of la- 
ndfill leachate are reviewed in this paper. 

2. Characteristics of landfill leachate 

Generally, the quality of landfill leachate has 
the following characteristics :(1) high concen-
tration of organic matter; (2) high ammonia ni-
trogen content and wide variation range; (3) 
containing large amounts of inorganic salts and 
metal ions; (4) the color is deep and accompa-
nied by the stench of garbage corruption; (5) 
imbalance of nutrient elements. The quality of 
leachate is different with different landfill time2.  

3. Physical and chemical denitrification tec- 

hnologies 

Physicochemical denitrification technology mai- 
nly refers to the application of physical and che- 
mical methods for wastewater denitrification. 
The physicochemical denitrification process is 
characterized by simple operation process and 
suitable for the treatment of high concentration 
ammonia nitrogen wastewater. However, the  
physicochemical process generally consumes 
more energy and produces secondary pollution. 
There are several main methods. 
3.1 Air stripping  
The difference between the actual ammonia 
nitrogen concentration and the equilibrium con- 

centration in the wastewater is utilized to transf- 
er the ammonia nitrogen in the wastewater fro- 
m the liquid phase to the gas phase through air 
or steam in the stripping tower under alkaline 
conditions, so as to achieve the purpose of re- 
moving ammonia nitrogen from the ammonia 
nitrogen wastewater. This method is applicable 
to the wastewater with high concentration of 
ammonia nitrogen. 
The reactions involved in this method are as 
follows: 

𝑁𝐻4
+ + 𝑂𝐻− = 𝑁𝐻3 + 𝐻2𝑂 

Wu Jiachen et al. 3 found that the removal rate 
of ammonia nitrogen reached more than 90% 
when the pH value of leachate was increased 
and the gas-liquid ratio was 2000~2500 when 
the pH value was 11.0. In addition, the removal 
rate of ammonia nitrogen was not directly re-
lated to the removal of CODcr. Ping Fan4 stud-
ied the combined ultrasonic and air stripping 
method to remove high concentration of am-
monia nitrogen, and found that when the same 
removal efficiency was achieved, ultrasonic 
stripping only took half as long as air stripping. 
For ammonia nitrogen wastewater with differ-
ent concentrations, ultrasonic stripping method 
has a good removal effect. The main influenc-
ing factors include temperature, time, pH and 
ultrasonic energy density. 
3.2 Fold point chlorination 
Fold-point chlorination is a chemical denitrifica-
tion process in which ammonia nitrogen in 
wastewater is oxidized into N2 by passing chlo-
rine gas into nitrogen-containing sewage or 
adding excessive sodium hypochlorite into se- 
wage. When chlorine gas is injected into water, 
it will undergo hydrolysis reaction and generate 
hypochlorous acid and hypochlorite. The reac-
tions involved are as follows: 

𝑁𝐻4
+ + 1.5𝐻𝐶𝑙𝑂

→ 0.5𝑁2 + 1.5𝐻2𝑂 + 2.5𝐻+

+ 1.5𝐶𝑙− 
Song Weifeng et al. 5used the combined pro-
cess of aeration + broken point chloride + pre-
cipitation to remove cobalt to treat the waster- 
water containing high concentration of ammo-
nia nitrogen. The removal rate of ammonia ni-
trogen reached 70%, and the metallic element 
cobalt was recovered at the same time. Huang 
Jun6treated a chemical enterprise's high am-
monia nitrogen wastewater by combining the 
broken point chlorination method and blowing 
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method, and the results showed that the treat- 
ment effect of this combined process was sta-
ble and feasible, with 1200 mg/L of inlet water 
and only 15 mg/L of outlet water. 
3.3 Chemical precipitation 
Chemical precipitation is formed by adding che- 
micals to water ions. In the process of ammonia 
nitrogen removal, magnesium ions and phos-
phoric acid are generally added to the waste- 
water to form insoluble compound salt precipi-
tates with ammonia nitrogen in the wastewater, 
so as to achieve the purpose of ammonia ni-
trogen removal in water. The reactions involved 
are as follows: 

𝑁𝐻4
+ +𝑀𝑔2+ + 𝑃𝑂4

3− → 𝑀𝑔𝑁𝐻4𝑃𝑂4 + 𝐻+ 
Zhao Qingliang et al. 7showed that when 
MgCl2·6H2O and Na2HPO4·12H2O were added 
to the landfill leachate, and when the ratio of 

Mg2+：NH4
+：PO4

3- was 1:1:1 and the optimal pH 

was 8.5~9.0, the removal rate of NH4
+ -N in the 

original landfill leachate decreased from 5618 
mg/L to 65 mg/L, and the removal rate reached 
more than 98%. Chu Guang et al.8 treated 
ammonia-nitrogen wastewater with different co- 
ncentrations of 300~1000 mg/L by chemical 
precipitation method, and the test results show- 
ed that the chemical precipitation method had 
good adaptability to ammonia-nitrogen waste- 
water with different concentrations, and showe- 
d better removal efficiency in the treatment of 
high-concentration ammonia-nitrogen wastew- 
ater.  

4. New directions of biological nitrogen re- 

moval 

Although the traditional biological nitrogen re-
moval process can meet the requirements of 
low nitrogen and low phosphorus in the effluent, 
there are some problems such as long process, 
high energy consumption and low efficiency in 
the treatment of waste water with high concen-
tration of ammonia nitrogen and high concen-
tration of organic matter, such as landfill leach-
ate. With the development of science, many 
new biological nitrogen removal theories and 
new processes emerge, which can improve 
efficiency or significantly reduce energy con-
sumption. These new technologies and tech-
niques include simultaneous nitrification and 
denitrification (SND), short-range nitrifica-
tion/denitrification, and ANAMMOX processes.  
4.1 Simultaneous Nitrification and Denitri-

fication(SND) technology 
In recent years, researchers have found that in 
some systems, the process of nitrification and 
denitrification occurs simultaneously, that is, 
simultaneous nitrification and denitrification9. 
Synchronous nitrification and denitrification pr- 
ocess refers to the process in which TN is 
largely removed in the activated sludge treat-
ment system without special setting of anoxic 
zone. There are two different theories for the 
interpretation of this process. First, it is consid-
ered that the oxygen mixture in the device is 
not uniform at different points in space and time, 
and there are both anoxic zone and aerobic 
zone in the device, which enables the simulta-
neous nitrification and denitrification. The sec-
ond theory holds that under the condition that 
the particle size of the bioflocs is large enough, 
the oxygen transport from the surface of the 
bioflocs to the core of the bioflocs is hindered, 
resulting in uneven distribution of oxygen con-
tent. The content of oxygen in the outer layer of 
microbial flocs is high, and the content of oxy-
gen in the inner layer is low, forming anoxic 
zone, so that nitrification and denitrification can 
be carried out simultaneously. Meanwhile, co- 
mpared with the traditional nitrification and de-
nitrification process, nitrification and denitrifica-
tion have many significant advantages: lower 
oxygen demand, smaller reactor volume, and 
simplified process. 10 
4.2 The Shortcut Nitrification/Denitrification 
process 
The shortcut Nitrification/Denitrification process 
is to take advantage of the inherent differences 
in the kinetic characteristics between nitric acid 
bacteria and nitrite bacteria, control the nitrifi-
cation reaction only to the stage of NO2-N, re-
sulting in the accumulation of a large number of 
NO2-N, and then carry out the denitrification 
reaction. By controlling the nitrification process, 
microorganisms convert ammonia nitrogen into 
nitrogenous nitrogen, which is reduced to form 
nitrogen. the shortcut Nitrification/Denitrification 
process can save 25% of oxygen supply ener-
gy consumption in the aeration process and 40% 
of carbon source input in the denitrification 
stage. At the same time, this process produces 
less sludge, occupies a small area, compared 
with the traditional biological nitrogen removal 
process has obvious advantages. 
4.3 Anaerobic ammonia Oxidation process 
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Anammox reaction refers to the biological pro-
cess in which anammox microorganisms take
NO2-N as electron acceptor and NH4

+-N as ni-
trogen under anaerobic or anoxic conditions.
As early as 1977, Broda speculated from the
perspective of thermodynamics that there mig-
ht be anammox reaction with nitrite as electron
acceptor in nature. It was not until the 1990s
that Mulder et al.11 discovered this phenome-
non in the fluidized bed reactor for biological
nitrogen removal. The energy storage of anam-
mox comes from the anammox with nitrite as
the electron acceptor of ammonia nitrogen. No
additional carbon source is needed in the pro-
cess. Carbon dioxide is the carbon source for
the growth of anammox bacteria.
Compared with the traditional nitrification deni-
trification process, this process can reduce the
aeration volume by 50%, the organic carbon
source by 100% and the operation cost by 90%,
and the sludge yield is low. The research and
development of the wastewater treatment pro-
cess with anammox as the main body provides
a solution to the problems faced by the waste-
water treatment industry, such as low carbon
nitrogen is more difficult to remove nitrogen
than wastewater, high energy consumption and
large sludge output.
5. Conclusion
Several denitrification methods of landfill leach-
ate, including physicochemical and biological
denitrification, are reviewed in this paper. Land-
fill leachate is a kind of low carbon nitrogen ra-
tio wastewater. In the treatment of such waste-
water, it is necessary to make full use of the
materials in the wastewater, reduce the input of
carbon source, and reduce the treatment cost
while achieving good treatment effect.
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